Structural and biochemical characterization of DHC2, a novel diheme cytochrome c from Geobacter sulfurreducens.
Multiheme cytochromes c constitute a widespread class of proteins with essential functions in electron transfer and enzymatic catalysis. Their functional properties are in part determined by the relative arrangement of multiple heme cofactors, which in many cases have been found to pack in conserved interaction motifs. Understanding the significance of these motifs is crucial for the elucidation of the highly optimized properties of multiheme cytochromes c, but their spectroscopic investigation is often hindered by the large number and efficient coupling of the individual centers and the limited availability of recombinant protein material. We have identified a diheme cytochrome c, DHC2, from the metal-reducing soil bacterium Geobacter sulfurreducens and determined its crystal structure by the method of multiple-wavelength anomalous dispersion (MAD). The two heme groups of DHC2 pack into one of the typical heme interaction motifs observed in larger multiheme cytochromes, but because of the absence of further, interfering cofactors, the properties of this heme packing motif can be conveniently studied in detail. Spectroscopic properties (UV-vis and EPR) of the protein are typical for cytochromes containing low-spin Fe(III) centers with bis-histidinyl coordination. Midpoint potentials for the two heme groups have been determined to be -135 and -289 mV by potentiometric redox titrations. DHC2 has been produced by recombinant expression in Escherichia coli using the accessory plasmid pEC86 and is therefore accessible for systematic mutational studies in further investigating the properties of heme packing interactions in cytochromes c.